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ABSTRACT 

This report presents the test results and evaluation of a feasibility model 
of a helix open periodic filter. 

Analysis of the data indicates an infinitely vide stop band vith a minimum 
attenuation of 50 db and observed rejections as hi~h as 70 db. Pass band 
data indicates a loss of less than 0.4 db and a VSWR of less than 1.6:1 
across most of the pass band. The filter vas capable of accommodating the 
full output power (minimum of 2 MW) of the AN/FPS-65 at all frequencies. 

The filter tested demonstrated the feasibility of using open periodic struc
tures for high pover mi.crovave filtering and their advt~tages over currently 
used techniques. 
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FIELD TEST AND EVALUATION OF A HELIX OPEN PERIODIC FILTER 

INTRODUCTION 

Spurious and harmonic energy generateA by high-power radar and com-

munications transmitters has, in recent years, produced many electro-

magnetic compa.tibili ty problems. As a result, a great deal of effort has 

been expended to suppress or control this unwanted radiation. To date, 

the most successful approach to the problem has been the us~ of various 

external filters in the system. Some techniques which have proven to be 

very useful are the resonant cavity, the leaky vall, the ferrite and the 

waffle-iron filters. But each of these techniques possesses at least one 

or more undesirable and inherent limitations. 

During the last two years, Stone• has, based on the work of Birdsall 

and White, developed the open periodic filter, perhaps the most signifi-

cant contribution to the high power microwave filtering art in several 

years. These filters most nearly exhibit the characteristics of the ideal 

high power microwave filter, inasmuch as they have an infinitely vide stop 

band, can accommodate high power with low reflection and loss, and are 

mode independent. 

The purpose of this report is twofold. First, it evaluates the fea-

sibility model of a helix open periodic filter, developed by the General 

Electric Company under RADC Contract AF30{602)-2955, in a high power multi-

mode field situation. It should be emphasized that the filter test~d is a 

mode-independent, frequency-sensitive device and only under a multimode 

condition can this, the most significant characteristic of the filter, be 

*1. R. H. Stone, R. z. Gerlack anc' C. K. Birdsall, "Suppression of 
Spurious Emissions , " RADC-TDR-64-2~~ , 
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demonstrated. Laboratory tests, generally, only provide rejection data 

for the TE10 and TE01 modes, while field tests on an actual radar provide 

the over-all attenuation characteristics of the filter for all modes. 

Secondly, the report indicates the degree of success in achieving the 

design goals set forth for this effort - that is, an insertion loss of less 

than 0.1 db, a power handling capability up to at least 10 megawatts, a 

VSWR of less than 1.4, and a harmonic and spurious frequency attenuation 

of at least 60 db. 

No attempt will be made here to discuss the theoretical development 

of this filter, since this is the subject matter of Reference 1. However, 

a brief description of the filter, shown in Figure 1, and its operation 

follows. 

The filter consists of three basic and essential parts: the open 

periodic transmission circuit for propagation and radiation of the desired 

and undesired energy, respectively; an input and output transition (similar 

to a waveguide to coaxial transition) to couple from the fast transmission 

line to the -slow wave helix structure; and absorbing material to absorb 

the radiated energy. 

Basically, filtering takes place in this device as a result of the 

"allowed" and "forbidden" regions of the open periodic structure. The 

"allowed" region corresponds to the pass band and is established by choos

ing the ph~se characteristic of the open structure ~helix) so that only 

one mode of guided propagation exists in the allowed region. Throughout 

the "forl'idden" region or stop band, the undesired energy is radiated from 

the structure in a fashion similar to that of an antenna and absorbed in 

the surrounding absorbing material. In the p&ss band, the ~;as depends 

2 
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-upon the intrinsic or resistive loss of the structure, the launching ef

ficiency of the transitions, and the scattering caused by curving the 

open structure. Stop band loss depends upon the launching and receiving 

isolation, absorber efficiency, and the length and curvature of the struc

ture. 

TEST PROCEDURE 

The major portion of the tests conducted on the open periodic filter, 

shown in Figure 1, consisted of high power operation on an a~tual radar 

system under normal field conditions. Supplementary low power lab tests 

of VSWR and insertion loss were also conducted. However, it is the 

field measurements that are of prime importance in a high power evaluation 

such as this. 

For the high power portion of the tests, the AN/FPS-65 radar located 

at RADC's Verona Test Site was used. Three arbitrary test frequencies, 

1270, 1298 and 1330 Me, were chosen at which the tests were conducted. At 

1270 Me, the radar output power was raised to a normal operating point, 

2 MW peak or approximately 4.3 KW average. The antennas of the AN/FPS-65 

and field intensity meter NM-62A (located in the far field), were peaked 

up for maximum energy transfer. The output spectrum of the FPS-65 vas 

then automatically scanned between 1 and 10 Gc. For all frequencies for 

which a response was noted above the receiver noise level, the receiver 

was calibrated and the level of the signal determined in db/fAV· The open 

periodic filter vas then installed in the radar. Physically it was lo

cated approximately midway between the transmitter and antenna. The same 

4 



power level vas duplicated end a spectrum search of the radar vas again 

performed in precisely the same fashion. The entire test procedure vas 

then repeated for the remaining two test frequencies. VSWR checks across 

the operating band of the FPS-65 were also made with and without the 

filter i~ the system. 

The low pover lab tests for VSWR and insertion loss were performed 

in a usual fashion. VSWR measurements were taken using an externally 

modulated signal generator, a waveguide slotted line, a VSWR meter and 

a matched dummy load. Insertion loss measurements were performed by the 

substitution method. 

TEST RESULTS 

The results or the high power field tests and the low power lab 

tests are indicated in Figures 2 through 1. Figures 2, 3 and 4 show a 

comparison of the spectral output of the FPS-65 with and without the open 

periodic filter for 1270, 1298, and 1330 Me, respectively. As is apparent 

from these graphs, at no time, with the filter in the system, vas there 

any indication of a spurious or harmonic response. At each test frequency 

all spurious and harmonics were reduced to at least below the sensitivity 

(noise level) of the receiver. Although not indicated in graphs, when 

the transmitter was tuned to each of the test frequencies, 1270, 1298, 

and 1330 Me, the filter began to cut orr at approximately 1600 Me and 

reached maximum attenuation at &bout 1750 Me. 

Figure 5 indicates the results of VSWR measurements taken across the 

operating band of the FPS-65 with and without the filter in the system. 

Again, aa is apparent from Figure 5, the install&tion of the filter in 

5 



I 0 

i ' ' 
I 

,:Fii ;I. :;,·,.! I t:~~ i~ •. jt: ::. ::! ~·. :.1·· ::: 
'"'*'"~: -• ·-• ; + I. +·'-+-~.t+H-++-l4-1'f·~ l-1'r-' *". ++·-I~H--1.~-f I t : , ; ; : . ; : ' ' ' I I P ~ • ~ : ' o 
, -~ . l ~ ' r- t ~~ lfH~, ' ' ._1 ~~· ....,." ~-·++-i ·~· .......... -I t( 

• I ' ~ oj :, t'·.~l ~··· ·~~ ,,,l 4 I'' ~ , ,,, 
I . ' ' I 11, • t ~ I •• l I I I I I.. ' . I I 
1 t f--i· rr ~ .11 • 

1 11''': ~ 1'' ' J' ~r I 

i 

~~~ ol I 1 ~; "'i : 1::: 0 ~ ~ 

1- ) R . ~; t ~ ~ I : l ~Ill : ~J~~ i 1 
..... ~-: ... :- : • • .... : ... : ... :- : - : .. : - :- : ..... ~!~-.... ~. .....o 

I : .,. I , ; t l • • • j ' • H I : l ; ' ~ ~-~.-. +-j. .. l .... j'"":- : ....., __ .._-1\1--.-1 N 

I I 

... 
I 

I ~ ~ jl : ! i i ''1 1 o ,.:: . :' :: jll I:, ~.: ' 

I I 

~ 
1

• . i I • l . t • J ~ J .. • . ~- ~ • .. I i l I I II • [ l r~, . I 

', • t ; ' • t t • • ' • t ' ~ • • • ~ , • • • I ! . ' I ' • • I I • t I • I I I I 

~ ~l,j "'' ~l • i ~.tt !I ·~~~M; ~ ~ ~ , "'• t j ~~Jj '' ~ 

~ 4-.:·~:;J-~~-t""'..,._.:r ... +~-tf--. -,~_J.:. ---r~~H::+::~::+ : ~ :+-~~++~~~· r-:::·:·-:-r:~T~·::r :::· :·: , :t:•:·:,~~~:·:~~~· :· ;: '1~~· '"o 
: l : : ; : : : l' ~ ••• ;,. : ! I I : : j . ; I : : : ' ~ t ' I : • l : : : ; I • : I l l 
1•' j 1 1' , ! ·_l!_t' 1!' 1 •• f • 'r 1 '' 1 i 11 l 'r 'I I 

I 

I I 
I I 0 

I 
• I I I I 

6 



.. r T 1·11 1 • t L , • 

, • " ' r •' 
0 • ; I t 0 i 
f ·- .· ' 

~ r I ~ -i 
I r . , 
I · .. i t . : : fll 

l f 1 
11 * . i . r 

I 

• 
-i 

I 

! ~ ! t 
• l ~ ' 

.~ 
~ . 
-l -

' 

I l 
rr . ; 

l t 
! •··-+++t-1H-t-+_,_...,._...........,.H 

. ~ 

i l--+-H•-+H---1-H-1--H 
;- ~ -

I -
- f! .1 

l 
H I -

I ~ . ~!'t ~ = ~ ~~1 

l -

J - 1-

' R'- -. 

• -
I . . ·• I . ! 

j= l ~ 
• ·· 1 I · 1" 

:'If . ~ ~ - 1-
-

' • · I-

-- ~ -
~ i-

I 

-

+ • • + r+ . t--t-1-H-+t-H-t-t-++t-H-t-t+-t--1+ 

I - : ~t . ; ~:ri= H -~-++++-t-H-t_++-ttt!~-:tt_H+-H-1-~+--+~+H+~--Lt·,l-_ ..._+--:~-<1-.j.-.._H,H--+',-!1--t~-

. ' 
' 

I 

. •tj, . . . T .. ~- l . ~rt-

. : + .. f. : : ~ • : f ~j ~ -· 
' t ' ' . . ' f . t • ' " 1-f-r-- J 

:~· :T:~ :TI !: ; :~: ; . :· 
1 ' I ~ i r r 1 -H--+-Hf++++-H-+-H-~4 
f I + I 1 • r- ' ._ 1 r , 

.. 
-. 
- -

' 
I :r 

' r 
I 

· _[ ~ . -

r 

7 

-
--

- ~ 

-!~ - f-

[) 

( l!' ' 

. t ·-ro _, 

~~~ 
r• 

t 

.. i ., 
I 

-tq H= .. 
1-

-

1-

I 

I - ~ f-

' 
t-

~-~-
-

-

I " "" -
-. 
. I 
I 

1-
- 1-



: : : : l : : . f : 
I I I. t I ~ I ' lf-

I I I t 'I 1 J 
• i I I • If 

I. , • I~ 

1 t ~ , 1 , • • r . . ~ 
I I jo • ~ It t r ~ ·r .. .. ~. 

:·a· :::: :: :: ; : · 1 t 
I •-' 0 I ' ' I l f ~ • l l i 

. . . . ~ . -
r: 

I H t -
.. · .. ~ .. · ~~ . .. · .. · :: r: l: t t : : 

·, ·.· s ·~ I ~~-! :, ·.. ~L 1-L . ~ ++H~f+-++++++-H+t+++-H•+H-+++t-t-H-rwe-l :J -u ~ . ~ - r .. _ 
I • ' I I • 't ' ~. •• H--t--1---H-1>-H-H-+-t-+-t-t-i-H-t-1-H-+t-+t+t~ -il!a-+++-+-to 
j., ~ ,, , ;oof b.l.-

l t' ••• , , ' I K ' 
1 ~- . if I • 

I~ ~ •• ~~ 
· ~· · !!11G . ' ~ · il! 

. . 
' 

,f.-- 1- ' --
- 1' H -+++ 

.. I 

- - HHH;-+T-H--t1-~++++++~~HHrt-I~H~;;4-

~ I 
+~ -HHHH-HI~11-+t++++~HHHH-r+--~d++·~HHH;-t~+++~r~HHHH~ I 

J . 

! : I ! ' o 

i r! ; f ; I 1 

I 



!-t • • -
r,"' • 

t il I! . 

. ... ., .,.. -It 

r ' rr •. ~ 
,~ .. ,... " . 

r' • 
... r l !' . I ' • . . . ...- , . , lEi •. , . • . 
:· ~- : 1 . ' : ' ; f : '" : : : . · - ~ • ' ~~ : '" • ~ , 

' 1 ' I ' ' ' t ' ' t ' ' ' ' • h.-: ' ff• • ' ' -+ ' 

F • , I " f f f' f t 1 4 f ~ t·l" I ! P , ...,. ~ 1'- I • r I' 1 

1 il 1 • t It or • • f I' i f t- • Ill ~ ,.- "'1' :""". • • ~ It It 

k" .... . , ·~~ ...:-~t-+ ...... ~~~ Tr-t ~ •t· - ... . •- -+· .. • t- r '( I t ~ ,..,....:, ..:. • I ~ ~ rr - I ~--t ! -• - ~ ~ P I f ~ • 

... 
t. 

J1 • · I I; 

.. 

' . ' . . 

t 
i' I 

•• 
I • 

I' 

.. 
• ' t 

I + " • 

rt , J ~ 4 I I l : r- j.., .,...~ -i 1- • + I I It I • I' I It r 1r- 11 i- i t i , i • i • ~ • r .- .. 

· ~·' 
' ;t: I • -

~ : 
.. ' .. 

I I 

.. ' 

' I I 

'I 

t : : : . , ~ i ] . ~r t l : i J ~ ~ , t , • I : ' : : . : -; • ~ : : : • . : :./I _: : • 
r--r--·· • ~t - ~r- . --t • t-J ~ L;. , . ~ ·r-· , • " • i I ~ .. , <- ~ 
1-J • ; i l t ' • < • ' • .~ "t l!!o ~ ' t L • • • • :"\.,.: • -~. -, ........ ,--',- >-+, 

H- i +-HH + +---+-4-++--i-1~ t H . . .. I :-..... H . . . . ' ' . ' . "' ' 1 1 

~-+- 0 J l :·~r il; t I I t 1- j. jl- i- M • !-' ..... ~ • • .f t il ~ t, • ~ • I fo I f I f 

jo: t ' "' -t- I I ' f I -t- j.. ~ t I i t I I 1~ i f I • i > I I f ~ ~ 1 ' 
H. ~ -r ' T • t ' ' L • • ( • . ~-+ • ' ' : l ~: : : ·; ~ . ;.) : : : ;- · t . l l 
Ff; i r· ~ : ; -:- . : .· ·.• ; : . f-: ~ : . ; . ~ : . . : : . .. . . . :·~ . . . . : : : . 

J ~ ~ .i.. r---t-t L--jt -to ~- 1 I t- P -+ ' ~ .t; • • · + .· ~ : ol • ol " ' ~ • I I I I I 

.1-t-++-+--+...o.-t--'-'1-+-f-'-.._....-t--+-t-!~H-+-+-++-+--t--t-+-+- _._.~,_._..._._+-J.--+-<~o.-+-- -~ • • ;' • ""'--+ ~ • ~ • 

~-j_ : t ~: :t~:~~ ~~: :p- . ":; . } t' .~: ~;.-~ ~ i :: :·g'' ~-++-~ 4 !- I' I .L 1-+-t.-+- + -t· -t ~ 6 - ~ · - ,: .l ... -I .. I -t • t-- ~ · · I .._ +- ·• • 4 ii• 1 +~ I It I \_ I + 1 ' : .l.., ' 
+~ ~ ., ~ . .. T r t • , I • II t i • ' I r "" .. I " ~ I 't- ~ •)I' IJ I I ,. ' ' !::1' 

~~44~-4-4~~~~~~~~~~~--~-----~~--

.. 14-~. -rl: ttf., lf-i_J-r+. ~: , • , - ~ : : •• • : ~ • ' • ~-~ ~ : : • ~ r . : : •. . . . :.} . . : ; ~ ~: ',·~:' 'I' 't I ; o> ' ' , , , : ~ r.. : 1 , , 1 • 
~ I I I t • fi 1 r iii li ~ I P I jl * f! ' ~ ol I a • t ; , 1 

1 

1 ' 1 

1 
l r 

l ! i --e--~ ~.- ~. ~. -.- ~ --r--- ....... ~ -
.,• -i. • ' 1 lo • ~ - .,_• • t- : 1 • 1 1 jr. 1 -t ,._ 1 • -4 [ , . ~ "' • " r • ! 

f+f-._.- -'-+ ~ L~ r L ~ ;_ ' • r ; ; • ; ' • t • : : ' r ; : : : : ', ,' :, .~:..U.' •, , • • • :1 -:1 
rr ·tr· _.___._ i [ --f' r--- II ... ~.J-r- ... ,._ .. t ' •+- ..... •• E 
r-+-r-~ - j I ~ t f-i- • ~ • l i • ' U t f i • • ' • ' " J liS ' •· • . • ' ' I 

j-- r--+t . .._ I ~ .,- -f- f't'"f-f "'"111 ~~ ttlll •• • 1 i I 

f~ _; 1- + FT •• t l-- -H ' i ~ ' ' • • , ' ' • ' •· .. ' • "-• • ' • H j i 1 + j • I'T ~ f i t t ••• 1 t 1 • ' • L • • •• ,.. • • • ~ \: l . • ' •• • • ""' ~ _, h ': i_ , ~ ' ; t--> -t .-ll t;.' • ' . . ' .- ;-: .~~; -: .• ~: r,-;-:- ' .;. 
: · :-+- 11 +- -~ L ; u l ~ ~ 1 ·-= H ; . --r ; : I ; : • :-: .. ~~ v. : : : I~· : : 

1-+_;_ -: • -~ - : i l f·t tl : l : : ' : ; :[~: ~ : ~ : : : 0 

: ~ I 

0 

i • t t if j. t I 1 it io • lj • p i j. 11 t ~ t I 

~ • r - • • ..... • , t ~ • I ·- .. ' . . ~: . W , . . . . ~ . . , . 
1 l • -1- • • • j ~:---+ . l . j • • • :-t ., ' ' . l . • • 

H-----+~-+-+-11H- ~ • _, I • I ~ ~ I I " ~ L. .""" ~~· .., ~ .. ~ • I ' I 

-h . ;,_ f • 1- - ' --'""' - ~ ... • • • • ~ • • j ' • ' • ' 

t 1 +- j - ... t "'rt' "' ~ F-J'" - t-+ ,_ i I ~ 'i I 1- t • ~ • ' • . • I 1 • • ' • 
~~~~~~~++++++~~~++-+++ 

- ~
-H.: 1--+-t-t-~~-: .. _ ~- ·;& , --~ ~ ; J . , .. • ~ • I ; 

- • T - -t--"H-t-Hf.- r· ~-. , -~ : r : . : j : •• : : : : : N..t r : 
- H · + ~ ~ ~~ , • • • j • t • ~ t ' ' • · · • · • I • "J , 

-t· I ~.. . - j ~H -i~ ' f ' • ' ~ • ~ ' i . • +;- f; : I • I 

Itt - t- r-rn-r fl4-~ 1:. ~ ;~~ tt+t~~=~~ : : ~ r: : :x ::: · 

- ~ t 

I II I I 

, i ~ 

• t . ' 
i ' l

., 
~ :~ 

I ~ . '. 
' t 

• 

~ 
Cll 
> 
II' 



the system, tor the most part, increased the VSWR of the system, especially 

near the lov and high ends of the band. However, it should be remembered 

that Figure 5 indicates the VSWR of the over-all system; i.e., the FPS-65 

plus the filter and not necessarily the VSWR of the filter itself. Figure 

6 is perhaps a more accurate representation of the actual VSWR ot the 

filter. This curve, obtained under low power conditions using a waveguide 

slotted line and a matched dummy load, indicates a substantial improvement 

over Figure 5 and the aigniticantly better results obtainable under more 

closely matched conditions. In spite or the high VSWR at certain fre

quencies, the filter vas capable of handling the maximum output power of 

the FPS-65 at all frequencies without any arcing or breakdown. An indica

tion or the average and peak power output of the radar or the power ac

commodated by the filter across the operational band, 1250 to 1350 Me, is 

shown in Figure 7. During all the high power testing, the filter vas 

pressurized to approximately 10 psig vith sulfur hexafluoride (SF6). 

Pressuri~ation or a gas is necessary for operation of this filter above 

a peak power level of 400 Kv. No attempt vas made , however, to determine 

the breakdown power as a function ot air or SF6 pressure, since the max

imum power available during the tests vas only 2.75 Mv. The filter aat

istactorily sustained contj.nuous operation at thil power level. In 

Figure 8, curves are provided which indicate the projected operational 

pover handling capacity or the helix open periodic filter. It is 

clearly obvious from the grapb that the filter is capable or accommodat

ing peak power levels in excess of 10 Mv, tor a given environment, vhen 

pressurized vith one of the high dielectric strength gases. 

10 
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The only other teat performed on this filter vaa a check of paas 

band loss. The results of this test are shown in Figure 9, and they in

dicate a loss of less than 0.4 db serosa most or the pass band. 

CONCLUSIONS AND RECOMMENDATIONS 

This report discuaaed the high power testing or a helix open peri

odic filter developed under Contract AF30(602)-2955. Analysis or the test 

data indicAtes excellent stop band characteristics vith observed rejec

tions aa high as 70 db over the stop band tested. Stop band character

istics vere only checked out to the seventh harmonic or appro:dmately 10 

Gc but the filter is known to have a minimum rejection of 50 db out to 

at least the 30th harmonic. The multimode field tests indicated that 

there vere no additional pass bands in the stopband, thus providing 

evidence that the allowed-forbidden region filter principle is solely 

frequency dependent. 

The pass band characteristics for the most part proved to be quite 

satisfactory. A high VSWR and insertion lose near the high and low ends 

ot the pass band vas experienced, but this ia strictly a function of 

waveguide to transition mismatch and can be easily corrected in an oper

ational model. Also, for the feasibility model, VSWR ia relatively un

important since a g~ven bar .. dvidth vas neither a design goal nor of prime 

concern in the design and fabrication or the model or in demonstrating 

the filtering technique. 

As vas mentioned in the previous section, the filter easily accom

modated the maximum output paver of the FPS-65 at all frequencies with

aut evidence of arcing, e&cer.aive heating or breakdo~ or any kind, and 

14 
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exhibits a projected operational power handling capacity in excess of 10 

Mw. 

In ~onclusion, it should be remembered that the filter tested was 

a breadboard model, fabricated for the sole purpose of demonstrating the 

feasibility of using the allowed and forbidden regions of open periodic 

structures for filterin~ and not an operational model designed for a 

specific system. Viewed in this light and considering the excellent 

over-all performance of the breadboard model, the feasibility of using 

open periodic structures for high power microwave filtering has been 

clearly demonstrated and is being pursued to exploit its apparent ad

vantages over techniques currently in use. 
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